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Abstract 
The method of mathematical modeling was used for the calculation of the structural, electronic, phonon, and 
other characteristics of various normal phases of phosphorus hydrides with stoichiometry PHk. It was shown that 
the di-phosphine may form 2D lattice of the metallic hydrogen, stabilized by phosphorus atoms under high 
hydrostatic compressive pressure. The resulting structure with the elements of H-P-H is a locally stable one in the 
phonon spectrum (or metastable). The properties of di-phosphine with the properties of similar structures such as 
thesulphur hydrides were compared. 
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1. Introduction 
One of the areas of search for new superconducting materials with high critical temperatures is the study of 
compounds with high hydrogen content. In [1] it was discovered, that the transition to the superconducting state of 
the metallic phase of the hydrogen sulfide under pressure 170GPatakes place at the temperature T=203К. The idea is 
based on the theoretical works on the study of the metallic hydrogen properties, which predicted high critical 
temperature Tc ~ 200 ÷ 400K [2]. In the works [3, 4] it was shown that such a phase of hydrogen may be metastable. 
After publication of the results [1] the interests in searching for compounds that can go into a superconducting state 
at higher temperatures have increased significantly. In particular, the preliminary experimental results on the 
compression of phosphide PH3 and its superconductivity at 100K [5] should be mentioned. In [1] the fact is 
considered that at the high pressure the hydrogen forms a hydride SHn (n≤3) [6]through dissociation of the sulfur 
compounds.  The properties of the SH3in the hydrogen sulfide  can lead to the possible explanation ofthe high-
temperature superconductivity existence. In [7-9] the SH2 phase with the symmetry I4/MMM was found along with 
the compounds SH3, for which the electron and phonon spectra and the density of electron and phonon states in the 
pressure range 100÷225GPa were calculated. 
In this paper we present the calculations of the electronic and phonon properties of the di-phosphine H2P-PH2 
system compressed withup to 250 GPA hydrostatic pressures. Di-phosphine under normal conditions is a colorless 
liquid with the structure of molecules presented in Fig.1A [10]. 
2. Method. 
The calculations of the structural, electronic and phonon characteristics of the molecules and the periodic crystal 
structure of PHk in the pressure range 0÷ 250GPa were performed using ab-initio method. The DFT approximation 
with the plane wave basis with the correlation functional GGA – PBE pseudopotential which preserves the norm was 
used. The unit cell of the structure used to calculate the electronic properties contains an element of H2P-PH2. All 
the calculations were performed in the spin-polarized approximation in order to compare the calculated energy 
values of different phases in an adequate manner. 
3. Results.  
At the 25GPa pressure  the molecular di-phosphine P2H4phase becomes metallic because of the overlap of 
electron shells of the molecules. The compressionof the combination of such molecules in thepressure range 25 ÷ 
250GPa leads to the formation of metallic crystalline phase. The main structural element of this phase H2P-PH2 
acquires straight H-P-H bond directed at an angle of 180° (Fig. 1.с). In the calculations of the first cycle, the pressure 
for the molecular phase was assumed to be the source of the initial cell symmetry with the P2H4 molecule havingthe 
symmetry P1. The resulting crystal structure at the pressure of 25÷125 GPA acquires the symmetry of the unit cell of 
I4/MMM. The structure formed in this range of pressures with a finalI4/MMM crystal symmetry (Fig.1.e) as a result 
of the structural modification of the unit cell in the studied phase with the stoichiometry P2H4. At the next stage of 
the calculations the cell with the symmetry I4/MMM was used as a starting one (second cycle). Crystal structure 
with this unit cell symmetry was studied in the pressure range 25÷250GPa. The crystal forms a set of parallel planes 
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Fig.2. (left)   a – band structure of 
states:1 – s–electron States;2 – p- electron
Fig.3. (right) a – phonon dispersion curves P
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Fig.4. The enthalpy change ∆H of different phases with 
phosphine P2H4 (symmetry I4/MMM); 3 
to the presence of imaginary frequencies, and filled symbols correspond to
1a, 2a, 3a and 4a – the intervals of the pressure P, in which the structures have only real frequencies.
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